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(54) Switching circuit

(57) This switching circuit includes a transformer (1)
having primary and secondary windings (1A and 1B) in-
sulated from each another; a voltage-driven switching
element (2) which is connected in series to one of the
primary and secondary windings and has a control ter-
minal for controlling switching operation thereof; a drive

circuit (3) which has an output connected to the control
terminal and drives the main switching element (2); and
an auxiliary winding (4) which is provided in parallel to
the primary and secondary windings (1A and 1B) of the
transformer (1) and has an output connected to the con-
trol terminal via a capacitor (5) with positive feedback.
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Description

[0001] The present invention relates to a switching cir-
cuit including a voltage-driven main switching element
connected in series to a winding of a transformer which
has primary and secondary windings being insulated
from each other.
[0002] Fig. 6 shows an example of a conventional
switching circuit (switching regulator), and Fig. 7 is a
graph showing the operating waveform of the switching
circuit. In this switching circuit, a voltage-driven main
switching element 102 is connected in series to a pri-
mary windings of a transformer 101, the primary and
secondary windings thereof being insulated from each
other. The output of a drive circuit 103 is connected to
the control terminal of the main switching element 102,
and the drive circuit 103 applies a frequency-controlled
drive pulse to the main switching element 102.
[0003] However, in the structure described above, the
switching speed is dependent on the rise of the drive
signal, the rising speed, and the impedance of the drive
circuit 103. Thus, in the case that the output impedance
of the drive circuit 103 is high or in the case that the
switching speed is slow, as shown in Fig. 7, there are
the problems that the rise slows and the switching loss
increases because the current passes through the ac-
tive area of the main switching element 2.
[0004] In order to reduce the switching loss, it is nec-
essary to increase the switching speed. However, there
is the problem that this is limited by the performance of
the drive circuit 103. In addition, in particular, because
the speed of the drive is dependent on the speed of the
control circuit and the like, it is necessary to select a
control circuit with a good performance in order to in-
crease the speed.
[0005] In consideration of the problems described
above, itwould be desirable to provide a novel switching
circuit that makes possible increasing the switching
speed and decreasing the switching loss.
[0006] A switching circuit of the present invention
comprises: a transformer having a primary and second-
ary windings insulated from each other; a voltage-driven
switching element which is connected in series to one
of the primary and secondary windings and has a control
terminal for controlling switching operation thereof; a
drive circuit which has an output connected to the con-
trol terminal and drives the main switching element: and
an auxiliary winding which is provided in parallel to the
primary and secondary windings of the transformer and
has an output connected to the control terminal via a
capacitor with positive feedback. This switching circuit
may be a switching regulator.
[0007] According to this switching circuit, because the
output of the auxiliary winding of the transformer is con-
nected via the capacitor so that positive feedback is ap-
plied from the transformer when the voltage of the con-
trol terminal of the switching element exceeds a thresh-
old value, the switching transition interval of the switch-

ing circuit can be made high speed and the switching
loss can be decreased independent of the switching
speed of the control circuit or the output impedance of
the drive circuit.
[0008] By way of example only, embodiments of the
invention will be described in greater detail with refer-
ence to the accompanying drawings of which:

Fig. 1 is a circuit diagram showing an embodiment
of the present invention.
Fig. 2 is an operating waveform graph according to
this embodiment.
Fig. 3 is a circuit diagram showing another embod-
iment of the present invention.
Fig. 4 is an operating waveform graph according to
the embodiment shown in Fig. 3.
Fig. 5 is a circuit diagram showing another embod-
iment of the present invention.
Fig. 6 is a circuit diagram showing a conventional
example.
Fig. 7 is an operating waveform graph according to
this conventional example.

[0009] Fig. 1 shows an embodiment of the switching
circuit (switching regulator) according to the present in-
vention. This switching circuit includes a transformer 1
having a primary winding 1A, a secondary winding 1B,
and an auxiliary winding 4. The primary winding 1 A and
the secondary winding 1B are insulated from each other,
and the auxiliary winding 4 is provided in parallel with
the primary winding 1A and the secondary winding 1B.
[0010] A voltage-driven main switching element 2,
which may be an FET, is connected in serial to the pri-
mary winding 1A of the transformer 1. The gate (control
terminal) of the switching element 2 is connected to an
output of a drive circuit 3 via a parallel circuit consisting
of a resistor 6 and a diode 7. The output of the auxiliary
winding 4 is connected to the gate of the main switching
element 2 via a capacitor 5 with positive feedback.
[0011] In this embodiment, as shown in FIG. 1, two
diodes 8 and 9, a choke coil 10, and a capacitor 11 are
connected to the secondary winding 1B of the trans-
former 1, so that the switching circuit outputs a DC cur-
rent. However, the present invention is not restricted to
this structure, and another circuit may be connected to
the secondary winding 1B.
[0012] Next, the operation of the present embodiment
will be explained. The drive circuit 3 outputs pulse sig-
nals while controlling the frequency of the pulse signals
based on the output voltage of the switching circuit.
When a pulse signal is input to the gate of the main
switching element 2 from the drive circuit 3, the main
switching element 2 is switched ON, and current flows
to the primary winding 1A of the transformer 1. When
the voltage of the gate of the main switching element 2
reaches a threshold value at time "td", the intensity of
the signal sent from the drive circuit 3 attenuates, and
the rise of the output voltage of the switching circuit is
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about to slow down. On the other hand, when the current
flows to the primary winding 1A of the transformer 1, si-
multaneously, the auxiliary winding 4 generates current.
This current charges the capacitor 5, and the voltage
stored in the capacitor 5 is applied to the gate of the
main switching element 2. Therefore, the voltage of the
gate of the main switching element 2 exceeds the
threshold value by the addition of the voltage of the ca-
pacitor 5, positive feedback is applied to the main
switching element 2 from the auxiliary winding 4. There-
by. as shown in Fig. 2, the rise of the output voltage of
the switching circuit can be accelerated in comparison
with the case where such a positive feedback is not ap-
plied as shown by a dotted line in Fig. 2.
[0013] The above embodiment is an example of for-
ward converter. However, the present invention can be
applied in any switching circuit that includes a voltage-
driven main switching element connected in serial to the
winding of a transformer, the primary and secondary
windings thereof being isolated.
[0014] In addition, a resistor can also be connected in
series to the capacitor 5.
[0015] According to the present invention, it is possi-
ble to shorten the switching transition interval of the
switching element and decrease the switching loss by
connecting the output of the auxiliary winding of the
transformer via a capacitor so that there is no depend-
ence on the switching speed of a control circuit and the
output impedance of the drive circuit, and positive feed-
back from the transformer is applied when the gate of
the switching element exceeds a threshold value.
[0016] Fig. 3 shows another embodiment of the
present invention. In this embodiment, the drive circuit
3 includes a referential DC source 12 and a buffer con-
sisting of an npn transistor 13 and a pnp transistor 14.
The emitters of the transistors 13 and 14 are connected
to the diode 7 and the resistor 6. The collector of the
transistor 13 is connected to the referential DC source
12, the collector of the transistor 14 is earthed, and an
input terminal 15 is connected to the gates of the tran-
sistors 13 and 14. By applying an AC control signal to
the input terminal 15, the drive circuit 3 outputs square
waves at predetermined intervals as shown in the upper
graph of Fig. 4, and the switching circuit outputs DC volt-
age as shown in the lower graph of Fig. 4. Other struc-
tures are the same as those of the embodiment shown
in Fig. 1. However, the drive circuit which can be applied
to the present invention is not restricted to that shown
in Fig. 3, and any modifications are possible.
[0017] Furthermore, Fig. 5 shows another embodi-
ment of the present invention. In this embodiment, the
resistor 6 is connected between the capacitor 5 and the
auxiliary winding 4 instead of being connected parallel
to the diode 7. Other structures are the same as those
of the embodiment shown in Fig. 3. This embodiment
can provide the same effect as the above-mentioned
embodiments.

Claims

1. A switching circuit characterised by:

a transformer (1) having a primary and second-
ary windings (1A, 1B) insulated from each oth-
er;
a voltage-driven switching element (2) which is
connected in series to one of the primary and
secondary windings (1A, 1B) and has a control
terminal for controlling switching operation
thereof;
a drive circuit (3) which has an output connect-
ed to the control terminal and drives the main
switching element (2); and
an auxiliary winding (4) which is provided in par-
allel to the primary and secondary windings
(1A, 1B) of the transformer (1) and has an out-
put connected to the control terminal via a ca-
pacitor (5) with positive feedback.

2. A switching circuit according to claim 1, wherein the
voltage-driven switching element (2) is an FET hav-
ing a gate as the control terminal.

3. A switching circuit according to claim 1 or claim 2,
wherein a resistor is connected in series to the ca-
pacitor (5).
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